astrophysics.
It reports on original research in all wavelength bands, ranging from radio to gamma-ray. WN5 wind is accreting onto a compact object. The ASCA spectra are dominated by emission below 5 keV and show no significant emission in the harder 5-10 keV range. Weak emission lines are present, and the X-rays arise in an optically thin plasma which spans a range of temperatures from -< 0.4 keV up to at least _ 2 keV. Excess X-ray absorption above the interstellar value is present, but the column density I is no larger than NH_ 1022cm 2. The absorption-corrected X-ray luminosity L (0.5-10keV)= 1032S_ergs gives L/Lb,,j -_ 10 _, a value that is typical of WN stars. No X-ray variability was detected. Our main conclusion is that the X-ray properties of HD 50896 are inconsistent with the behavior expected for wind accretion onto a neutron star or black hole companion. Alternative models based on wind shocks can explain most aspects of the X-ray behavior, and we argue that the hotter plasma near _ 2 keV could be due to the WR wind shocking onto a normal (nondegenerate) companion. © 1998 Elsevier Science B.V.
Introduction
The White & Long (1986) concluded that the X-rays could be due to accretion onto either a low-mass black hole or (less likely) a white dwarf companion, but not onto a neutron star. More recently, ROSAT PSPC observations analyzed by (Arnaud, 1996) . During spectral analysis, models were fitted to the SIS0
and SIS 1 spectra simultaneously in order to provide tighter constraints on fit parameters, and likewise for the GIS2/GIS3 spectra. Averaging the positions from the SIS0 and SISI broad-band images, the X-ray source peak lies at RA (2000) = 06h 54m 14.93s, DEC(2000)= -23o55 ' 58.2" with a 90% confidence error circle of radius 40" (Gotthelf, 1996) . The SIMBAD optical position of HD 50896 lies within the X-ray error circle at an offset of 31.4" from the X-ray peak, giving assurance that the X-ray source is indeed HD 50896. This is further confirmed by a search of the SIMBAD data base, which shows no other catalogued objects within a 2 arc-minute search radius of the X-ray peak. only of higher energy photons in the 2-10 keV range, using a larger bin size of 1024 s to achieve reliable statistics. These hard-band light curves are similar to the broad-band light curves, showing no large-amplitude variability. The count rate is too low to search for pulsations on timescales of seconds or less.
Results

ASCA images
ASCA light curves
Statistical
analysis of the higher signal-to-noise ratio (S/N) SIS data provides no convincing evidence for variability during the ASCA observation.
A X 2 test of a constant count-rate source fitted to the combined SIS0 + SIS1 broad-band light curves gives a probability of constant count rate P(const)= 0.65 when binned at 512 s and P(const)=0.88 when binned at 256 s. 
ASCA spectra and spectral models
Emission lines
The SIS0 spectrum shows considerable structure including line-like features at _ 1.81keV and 2.44 keV. The first feature is seen in all of the detectors and averaging the data from all four spectrometers gives a line energy of 1.83+__)J(')_ keV.
We classify this feature as a detection of He-like Si XIII (1.84 keV). The second feature is seen in both SIS0 and GIS2 at an average energy of 2.45 (+_0.01) keV, but is not clearly seen in SIS 1 or GIS3. We thus classify this feature as a possible detection of blended Li-like and He-like SXIV/XV (2.44-2.45 keV). Emission lines at these energies have also been detected in other WR systems such as the WC8 + O binary 3_2 Velorum . The presence of Si XIII and SXIV/XV transitions provides model-independent evidence for hot plasma at temperatures near _ 107 K, where these lines emit maximum power. 
Discrete temperature models
The presence of weak emission lines immediately suggests that the emission is due to an optically thin plasma. Pure continuum models give large fit errors near the line features at 1.84 and 2.44 keV. For example, the absorbed blackbody model with N H = 4× 102°cm-2 and kT=0.28keV that gave an acceptable fit to the ROSAT PSPC spectra . Ab-_EM =fnn,dV, where n and n, are the electron and hydrogen number densities and V is the source volume.
sorption was modeled using Morrison & McCammon (1983) cross-sections.
As Table  1 shows, the temperature kT_ = 0.6 (-0.1) keV derived for the cool component is not sensitive to abundance assumptions. However, the derived temperature is evidently sensitive to instrumental factors such as bandpass and spectral resolution. The temperature derived for the cool component from ASCA spectra is a factor of two higher than deduced from ROSAT spectra , but is consistent with the value of 0.5 keV deduced from Einstein data (Moffat et al., 1982) . Even though the value of kT. is not abundance-sensitive, the fractional contribution of this Boroson et al. (1997) . Even so, we do not regard ASCA abundance measurements as definitive due to the deficiencies in existing plasma codes (Mewe et al., 1995) and the inherent difficulties in extracting reliable abundances from low S/N moderate resolution X-ray spectra. Reliable abundance measurements from X-ray spectra for sources as faint as HD 50896 will very likely need to await the improved sensitivity of next-generation X-ray telescopes.
Differential emission measure models
The differential emission measure (DEM) function
measures the relative contribution of plasma at a temperature T to the total spectrum. We have attempted to construct the DEM function of HD 50896 from the SIS spectra using the XSPEC model C6PMEKL, which is an iterative algorithm based on Chebyshev polynomials (Lemen et al., 1989) . The shape of the DEM profile is sensitive to abundance assumptions and to the method used to model absorption, but some general conclusions can be drawn, as summarized below. All DEM models show a local maximum in the DEM function peaking at _ 0.7-1.0 keV, with significant emission occurring on either side of this maximum from the ASCA low-energy cutoff at 0.4 keV up to nearly 2 keV. This confirms that the emission is in fact due to plasma forming over a broad range of temperatures, as already suspected from discrete temperature models. In addition, some (but not all) DEM models show a second peak at 4-5 keV. This suggests that some plasma up to temperatures as high as _ 4-5 keV could be present.
However, this higher energy peak may be an unphysical result that arises from our application of the DEM algorithm to low S/N spectra. There is some reason to believe that this is the case since the 4-5 keV peak is not present in DEM reconstructions which allow a significant fraction of the emission to arise at higher absorption levels of N, 1022 cm 2
Fluxes and X-ray luminosi_
The 2T VMEKAL model summarized in Table I gives a broad-band flux F, (0.5-10 keV) = 1.26(I.81)x 10-_2ergcm -_s _, where the value in parentheses is absorption-corrected. At a distance of 1.8 kpc, the absorption-corrected luminosity is then . Thus, there is no evidence that the soft X-ray luminosity of HD 50896 changed significantly during the _ 3 yr between the ROSAT and ASCA observations. However, our measurements show that _30% of the observed flux emerges at energies above 2.5 keV, and the temporal behavior of this harder emission is not yet known.
Discussion: origin of the X-ray emission
in this section, we reexamine the origin of the X-ray emission from HD 50896 in light of the new ASCA results. We consider both compact companion models and wind shock models. 1986) and will not be considered here.
X-rays from accretion onto a compact companion
Accretion onto a neutron star companion
Wind accretion onto a neutron star companion of However, the presence of a neutron star cannot be conclusively ruled out using X-ray data alone. If the neutron star were rotating near break-up, accretion could be inhibited by centrifugal effects (Davidson & Ostriker, 1973) . Also, some models predict small neutron star radii which would give rise to very hot X-ray emission at kT-100keV (cf. the review of King, 1995) . Such high-temperature emission, if present, would not be detected by ASCA.
Accretion onto a black hole companion
The formal error bars associated with the companion mass M .... p = 1.3 (-0.4)M o derived by Firmani et al. (1980) reflect only the uncertainty in the mass of the WR star, which they assumed to be M,_ = 10-+5 MQ. An additional source of uncertainty is the orbital inclination, which is not well known (McLean, 1980) . The polarization model used to derive i invokes several assumptions, including a circular orbit. The derived orbit is in fact noncircular, (e = 0.34; Firmani et al., 1980) and this can lead to spurious inclination estimates (Brown et al., 1982) .
If the value of i inferred from polarization models is incorrect, then the companion may be more massive than Shapiro & Teukolsky, 1983) , but the observed L, is several orders of magnitude below this prediction.
Wind shocks
Wind shock models predict X-ray luminosities that that the X-ray emission is due to a collision between the WR wind and the surrounding ring nebula S 308 seems to be ruled out by ROSAT observations .
Radiative wind shocks
Theoretical models indicate that X-ray emitting shocks can form in the winds of single massive OB stars as a result of line-driven instabilities (Lucy & White, 1980; Lucy, 1982) . This mechanism might also operate in WR stars, and concluded that radiative wind shocks are the most likely explanation of the soft X-ray emission (kT_0.2-0.3keV) that was detected by ROSAT.
In the formulation of Lucy (1982) , the post-shock temperature of the X-ray emitting plasma is given by
where U is the shock speed, ,u. is the mean molecular weight in the wind, m H is the mass of atomic hydrogen, and k is Boltzmann's constant. Under simplifying assumptions, the shock speed can be written as
where v_ is the isothermal sound speed in the wind and u is a dimensionless free parameter of the theory. For WR stars, typical shock speeds are U (280-340),£-bkms -_, with corresponding shock temperatures of kT_hock _ (0.1-0.3) u keV. Here, we have considered values of # in the range 0.67 --<# --< 1.33, where the lower limit corresponds to Population I stars and the upper limit corresponds to a fully-ionized helium wind (Lang, 1980) . A comparison with observations suggests u--< 1 (Table 1 of Lucy, 1982) , in which case the X-ray emission should be soft with kT_hock <-0.3 keV.
Although the above temperatures are compatible with ROSAT results, they are too low to explain the range of temperatures deduced from ASCA data. The radiative shock model could at best explain only the softer emission that is present in the ASCA DEM function at energies below the peak at -_0.7-1.0 keV. Detailed arguments in favor of the radiative wind shock interpretation for the softer emission can be found in .
Although the softest X-rays detected by ASCA and ROSAT might be due to radiative wind shocks, this interpretation
has not yet received broad observational support for WN-type stars in general. We call attention to the study of Wessolowski (1996) , who analyzed ROSAT observations of a sample of 61 putatively single WN-type stars and found no correlation between L and either wind momentum or kinetic wind luminosity.
If the softer X-rays from WN stars do indeed arise in radiative wind shocks, then the absence of such correlations is puzzling. A summary of these issues and of current approaches to wind shock modeling can be found in Feldmeier et al. (1997) .
WR wind shocking onto a nondegenerate companion
We assume now that HD 50896 has a companion, but that the companion is a normal (nondegenerate) star. Since the inferred mass of the companion is low, the strong WR wind would overwhelm any wind from the companion and a shock would form at or near the companion surface. This is the case of a colliding wind shock with one dominant wind discussed by Luo et al. (1990) and Stevens et al. (1992) , and can be thought of in simplest terms as a hypersonic WR wind impacting a hard sphere. This model has been applied to another candidate WR + c system, the runaway WN7 star HD 197406 (Marchenko et ai., 1996) .
By conservation of energy the predicted X-ray luminosity for a WR wind shocking onto a nondegenerate companion is
where f is the efficiency for converting wind kinetic give values off ranging from less than 0.01 up to 0.16 (Luo et al., 1990 ).
In the strong shock limit discussed by Stevens et al. (1992) , the predicted shock temperature is (analogous to Eq. (2))
where th is the average mass per particle in the wind. Taking Vw_,d = V_ = 1900kms _, one obtains kT_hock = 4.2rfi keV, where rh is expressed in units of the solar abundance value 0.6 × 10 -24 g. Thus, for solar wind abundances one expects a shock temperature kT_hock _ 4.2 keV, but if the WR wind is hydrogen-depleted then values of rh could be twice solar (Stevens et al., 1992) , and the shock temperature would be proportionately higher. ASCA fits give temperatures that are slightly below these estimates (Table  1 ), but this difference could easily be accounted for by uncertainties in methods used to determine the terminal wind velocity (Prinja et al., 1990) and by the possibility that for a companion at .
The probability that HD 50896 has a low-mass normal stellar companion is low since that would seem to require a progenitor binary system with a high mass ratio, consisting of a massive O-type primary and a low-mass secondary.
The study of Garmany et al. (1980) shows that binaries containing an O-type component rarely have mass ratios q = M_/M z -> 3. Even so, some high mass ratio systems such as 16 Sgr (6-<q-< 11) do exist and systems with even higher mass ratios should occur (Abt & Levy, 1978) .
If such orbital X-ray modulation is indeed present in HD 50896, we can only offer a few possible reasons as to why it might have escaped detection with ROSAT. These include, (i) lack of ROSAT S.L. Skinner et al. / New Astronomy 3 (1998) 3. The absorption-corrected X-ray luminosity of HD 50896 is Lx (0.5-10keV) = 7 X 103_ergs -j at an assumed distance of 1.8 kpc. This gives Lx/Lbo L= 1.4 × 10 -6, which is typical of other WN stars.
4. Models which assume the X-ray emission arises from accretion onto a neutron star or low-mass black hole companion are not consistent with ASCA results. Such models either overestimate L, fail to reproduce the observed temperature structure, or predict much higher column densities than deduced from the ASCA spectra. 5. Radiative wind shock models based on the formulation of Lucy (1982) provide a possible means of explaining the softer X-ray emission detected by ASCA and ROSAT , but such models cannot explain the hotter plasma above -1 keV that is clearly present.
6. The temperatures of the hotter plasma and the observed X-ray luminosity are compatible with estimates derived from a model in which the WR wind shocks onto the surface of a normal (nondegenerate) companion.
However, the probability of finding such a companion around HD 50896 is low and some variability of the X-ray flux with orbital phase is anticipated, but has not yet been detected.
In summary, we find no compelling evidence that the X-ray emission of HD 50896 is due to wind accretion onto a neutron star or black hole companion. The X-ray spectrum, X-ray luminosity, and L_/ Lbo_ ratio are quite similar to those of other WN stars, giving no reason to believe that the X-ray emission of HD 50896 is anomalous. Wind shock models can account for most aspects of the X-ray behavior, but require both a radiatively-driven wind shock component to account for the soft emission seen in ROSAT observations and a colliding wind component to reproduce the hotter emission revealed by ASCA. Additional X-ray observations with tight phase coverage and good high-energy sensitivity are needed to search for variability in the flux at energies above _ 2.5 keV, which should occur if the WR wind is in fact impacting a companion in a noncircular orbit. 
